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PREFERRED EMBODIMENT- - 



-2- 



IN THE CLAIMS 
PAGE 9 

Lines 1-4, delete "VDO ... 3438" 

Unnumbered line 5, change "Patent claims" to WE CLAIM : - - 
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EACH CLAIM EACH STARTING WITH THE LINE NUMBER 1) 

Claim 3, Line 1, delete "or 2" 

Claim 4, Line 1, change "one ... 3" to --claim 1-- 
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Method for the determination of combustion misfires 

5 

The invention relates to a method for the 
determination of combustion misfires in an internal 
combustion engine having a plurality of cylinders. 

A diagnostic device for internal combustion 

10 engines is known from DE 41 19 399 C2 , said diagnostic 
device, whilst having a simplified design, making it 
possible to detect ignition or combustion problems in 
internal combustion engines more reliably. This is due 
to the presence of pressure detection means (sensors) 

15 which detect the internal pressure of the cylinders of 
the internal combustion engine and emit a corresponding 
output signal, this output signal being fed to a 
differentiating means which differentiates the output 
signal and emits a differentiated output signal. The 

20 disadvantage of this diagnostic device is that pressure 
detection means are necessary for detecting the 
internal pressure of the cylinders of the internal 
combustion engine, thus necessitating additional design 
measures on the crankcase of the internal combustion 

25 engine, with the result that a higher outlay in terms 
of assembly is involved and there is a source of 
sealing faults. Moreover, the pressure detection means 
are subjected to increased requirements, particularly 
as regards thermal resistance, so that these pressure 

30 detection means are correspondingly cost-intensive. 

The object on which the invention is based, 
therefore, is, by simple means, to specify a method by 
which the combustion misfires in at least one cylinder 
of the internal combustion engine can be determined 

35 reliably. 
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This object is achieved by means of the 
features of patent claim 1. 

It is known that braking of the crankshaft of 
the internal combustion engine occurs in the case of 
5 combustion misfires. This braking can be detected by 
measuring the variation in successive 180° times. 
However, the braking (negative acceleration) of the 
crankshaft is not sufficient, alone, for recognizing 
combustion misfires or for distinguishing them from 

10 other influences which cause negative angular 
acceleration of the crankshaft (for example, influences 
arising from the drive train of a vehicle in which the 
internal combustion engine is arranged) . Consequently, 
in order to determine combustion misfires, it is 

15 proposed, according to the invention, that the crank 
circle of the crankshaft (that is to say, one 
revolution) be divided into four regions (segments) , 
each of 90° in the case of a four-cylinder internal 
combustion engine, so that two compression times and 

20 two expansion times occur during each revolution. In a 
six-cylinder internal combustion engine, the division 
into six segments, each of 60°, that is to say, in 
general, a crank circle (360°) is divided by the number 
of cylinders of the internal combustion engine, thus 

25 resulting in the division into segments and the segment 
size. The determination of the combustion misfire is 
based on determining at least two successive 
compression times and expansion times for at least one 
cylinder of the internal combustion engine, and, in 

30 order to determine combustion misfires, a comparison, 
in particular an addition or a subtraction, of the 
change in the compression times with the change in the 
expansion times is carried out and the result of the 
comparison is a measure of a combustion misfire. If the 

35 comparison result exceeds (or falls short of) an upper 
(lower) predeterminable limit value once or more than 
once, this is indicated optically and/or acoustically 
after statistic further processing and can be stored in 
a fault memory, and, furthermore, the supply of the 
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fuel to this cylinder can be interrupted (for example, 
the corresponding injection valves are deactivated) , 
whilst further reactions may also be carried out (for 
example, blocking of ^-control and of full-load 
5 enrichment) . 

In a development of the invention, the method 
is carried out as a function of predeterminable 
parameters of the internal combustion engine and/or of 
predeterminable ambient parameters of the internal 

10 combustion engine. Thus, for example, the method is not 
carried out as a function of the operating temperature 
of the internal combustion engine or is so carried out, 
using predeterminable limit values. The predeterminable 
ambient parameters of the internal combustion engine 

15 are, for example, acceleration and deceleration 
operations of the vehicle, since these have a direct 
effect on the measured expansion and compression times 
and the 180° times due to the changes in engine speed, 
so that these ambient influences are taken into account 

20 in the determination of combustion misfires. 

It is advantageous , furthermore, that the 
availability of the comparison result makes it directly 
possible to have evidence as to whether there is a 
combust ion misfire or not and, on the basis of this, a 

25 rapid reaction (for example, fault warning, 
interruption in the fuel supply or the like) can take 
place or takes place either after a single combustion 
misfire or after a plurality of successive combustion 
misfires . 

30 In a development of the invention, the method 

is carried out for each cylinder, so that combustion 
misfires are determined and recognized for each 
individual cylinder and the affected cylinder can be at 
least temporarily deactivated by interrupting the fuel 

35 supply, so that, at all events, emergency operation is 
still ensured if an individual cylinder has combustion 
misfires not only temporarily, but permanently. 

In a development of the invention, after the 
detection of at least one combustion misfire, in 
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particular after a predeterminable number of combustion 
misfires, on a cylinder, a fault signal is generated 
and emitted. This fault signal, which may also be 
stored in a memory unit of the engine control device, 
5 signals to the vehicle driver that there is a defect 
and that he should find a workshop in order to 
eliminate it and avoid further damage (in particular, 
to a catalyst which is destroyed by fuel which is not 
burnt) . 

10 Further method steps are specified in the 

subclaims, from which corresponding advantages may be 
gathered. 

The method according to the invention is 
explained in more detail below, a device for carrying 
15 out the method also being described, the invention not 
being restricted to this device. 

Details of the particular Figures: 
Figure 1 shows a cylinder pressure profile of a four- 
cylinder internal combustion engine, with the 
20 90° and 180° crankshaft times being 

illustrated, 

Figure 2 shows a profile of the crankshaft 
acceleration and of the 90° times during 
normal engine operation, 
2 5 Figure 3 shows the change in the crankshaft 
acceleration and in the 90° times which is 
caused by combustion misfires, 
Figure 4 shows the change in the crankshaft 
acceleration and in the 90° times which is 
30 caused by double misfires, 

Figure 5 shows a device for evaluating and processing 
the combustion misfires recognized. 
Figure 1 shows the cylinder pressure profile of 
a four-cylinder internal combustion engine, with the 
35 90° and 180° crankshaft times being illustrated. The 
crank circle is divided into four segments, each of 
90°, for example the zero position being at the 
ignition TDC of the first and of the fourth cylinder, 
so that two compression times (t_ ve rd) and expansion 
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times (t_ ex p) occur during each revolution. The period 
(PT) can be formed from the sum of a compression time 
and the associated expansion time between two 
successive TDC's of various cylinders. Advantageously, 
5 in this case, the method for the determination of 
combustion misfires is carried out as a function of 
predeterminable ambient parameters of the internal 
combustion engine, these being, in addition to those 
already mentioned, the output signal from the sensor 

10 for determining the period. This is carried out, for 
example, by comparing two successive 180° times (or the 
like) with one another. Since this takes place in the 
nonstat ionary mode , these measured times must be 
essentially identical, and, for example, the difference 

15 resulting from the differentiation of the two times can 
be taken into account in the further method for the 
determination of combustion misfires . Consequently, in 
particular, manufacturing tolerances, tooth flank 
errors and the like of the sensor are compensated. 

20 Figure 2 shows the profile of the crankshaft 

acceleration and of the 90° times during normal engine 
operation. It can be seen, here, that the acceleration 
of the crankshaft is positive during an expansion time, 
whereas it is negative during the compression time, 

25 During normal engine operation, positive and negative 
accelerations alternate. 

Figure 3 shows, in contrast to Figure 2, 
changes in the crankshaft acceleration and in the 90° 
times which are caused by combustion misfires. A 

30 combustion misfire (between a 180° crank angle and a 
270° crank angle) results in lower positive 
acceleration and higher negative acceleration of the 
crankshaft. The following compression and expansion 
times also change as a result, so that they are at a 

35 higher level than before. 

Figure 4 shows the change in the crankshaft 
acceleration and in the 90° times which is caused by 
double misfires. The lower positive acceleration or the 
higher negative acceleration of the crankshaft results, 
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in the subsequent time, in a further rise of the 
compression and expansion times which can likewise be 
evaluated, in exactly the same way as in Figure 3, by 
means of the method according to the invention. 
5 Figure 5 shows a device for evaluating and 

processing recognized combustion misfires. 

A crankshaft sensor signal (a camshaft sensor 
signal may also be envisaged) is fed to a tooth flank 
correction means 1, in which, as already described, two 

10 successive 180° times and associated 90° times (two 
expansion and compression times) are compared with one 
another and a value is formed which is taken into 
account in the following combustion misfire 
determination. Compensation 2 is subsequently carried 

15 out during the nonstationary mode, so that, for example 
in the case of a sudden load decrease (gas throttling) , 
which is also superposed by a likewise rapid engine 
speed change due to vibrations in the drive train, a 
combustion misfire would be recognized, but would not 

20 constitute a combustion misfire. The formation of a 
characteristic value for the combustion misfire is 
designated by the reference numeral 3, the formation of 
further value, without the nonstationary mode being 
taken into account, being formed from the crankshaft 

25 sensor signal at reference numeral 4. One of the two or 
both values can be read out, with limited change, from 
a characteristic map plotted, in particular, against 
load and engine speed, one value being capable of 
correcting the other. Reference numeral 5 designates 

30 threshold value determination, in which a threshold 
value or a value range, if appropriate taking into 
account the load in the internal combustion engine, is 
formed for the value formed in 4 . Threshold value 
determination 6 is likewise carried out, in which a 

35 basic threshold value or a value range is determined 
for the combustion misfire value formed at 3. 
Temperature compensation 7, which takes the engine 
temperature into account, may be carried out for one or 
both threshold values 5, 6. In a change limitation 
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means 8, these threshold values or one threshold value 
can be taken into account as a function of 
predeterminable parameters of the internal combustion 
engine and/or of predeterminable ambient parameters of 
5 the internal combustion engine, such as, for example, 
an abrupt change in the accelerator pedal position, 
sharp vibration excitation caused by terrain influences 
or the like. 

An interrogation means 9 interrogates whether a 

10 combustion misfire is to be determined or not. If the 
combustion misfire values determined in 3 or 4 are 
above or below the determined threshold values 5 or 6 
(or outside the permissible value range) , no 
determination of combustion misfires is carried out. If 

15 determination is to be carried out, an interrogation 
means 10 interrogates whether detection is permitted or 
not. Thus, for example, detection is not permitted when 
the speed of the internal combustion engine is below a 
predeterminable speed (for example, a minimum speed 

20 below idling speed), or predeterminable load and/or 
temperature ranges are not maintained. If, for example, 
the engine temperature is below a predeterminable 
temperature, inhomogeneous mixture treatment and a 
marked increase in friction-related power output at 

25 these temperatures result in increased running noise, 
which assumes orders of magnitude, which is also to be 
expected in the case of combustion misfires. Below this 
temperature, therefore, there is no detection of 
combustion misfires, so that deactivation 11 of the 

30 combustion misfire diagnosis is carried out. 

When detection 10 is permitted, statistic 
evaluation 12 takes place, as to whether the combustion 
misfire or combustion misfires may lead to catalyst 
damage and/or to emission limit values being exceeded. 

35 If catalyst damage may occur, a reaction 13 to a 
catalyst -damaging combustion misfire rate is carried 
out, for which purpose, for example, the respective 
cylinder which has combustion misfires is cut out. 
Furthermore, as a result of this and also as a result 



10 
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of emission limit values being exceeded, a fault signal 
14 is generated, which is indicated to the vehicle 
driver optically/acoustically, is stored in an on-board 
diagnostic device and is read out later or as a 
function of which the supply fuel to the affected 
cylinder or cylinders is at least temporarily 
interrupted . 

List of the abbreviations used 



TDC: Top dead center of a cylinder 

°KW: Angular sector which the crankshaft of the 
internal combustion engine covers 

frZyl.i: The ignition timing of a cylinder (i = 1, 2, 

15 3, 4, etc.) 

t_ex P : Expansion time of a cylinder 

t_verd= Compression time of a cylinder 

PT: Period for an angular sector 

ajcw: Acceleration of the crankshaft 

20 VA: Combustion misfire 

t__verd, i " t_verd, i-1 

VA = 



At Vl 



erd 



At__ ex p 



or: 



25 



VA = At_ V erd " At_exp 
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Patent claims 

5 1. A method for the determination of combustion 

misfires in an internal combustion engine having a 
plurality of cylinders, wherein at least two successive 
compression times and expansion times are determined 
for at least one cylinder of the internal combustion 

10 engine, for the determination of combustion misfires a 
comparison of the change in the compression times with 
the change in the expansion times being carried out, 
and the result of the comparison being a measure of a 
combustion misfire. 

15 2. The method as claimed in claim 1, wherein the 

method is carried out as function of predeterminable 
parameters of the internal combustion engine and/or of 
predeterminable ambient parameters of the internal 
combustion engine. 

20 3, The method as claimed in claim 1 or 2, the 

method being carried out for each cylinder of the 
internal combustion engine, 

4. The method as claimed in one of claims 1 to 3, 
wherein, after the detection of at least one combustion 

25 misfire, in particular after a predeterminable number 
of combustion misfires, a fault signal is generated and 
emitted. 

5. The method as claimed in one of the preceding 
claims, wherein a threshold value for the measure of a 

30 combustion misfire is formed at least as a function of 
at least one parameter of the internal combustion 
engine, no fault signal being generated if the 
comparison result exceeds or falls short of this 
threshold value. 
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6. The method as claimed in one of the preceding 
claims, wherein the method is not carried out in the 
case of a deviation from permissible value ranges for 
the predeterminable parameters of the internal 

5 combustion engine and/or for the predeterminable 
ambient parameters of the internal combustion engine ♦ 

7. The method as claimed in one of the preceding 
claims , used in an on-board diagnostic device at least 
for the internal combustion engine driving a vehicle, 

10 in particular a passenger vehicle. 
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Abstract 

Method for the determination of combustion misfires 

A method for the determination of combustion 
misfires in an internal combustion engine having a 
plurality of cylinders, there being provision, 
according to the invention, for determining at least 
two successive compression times and expansion times 
for at least one cylinder of the internal combustion 
engine, for the determination of combustion misfires a 
comparison of the change in the compression times with 
the change in the expansion times being carried out, 
and the result of the comparison being a measure of a 
combustion misfire. 
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enter the Preliminary Amendment before calculating claim fees. 

The Commissioner is hereby authorized to charge any or additional 
fees which may be required, or credit any overpayment to deposit 
account no. 06-0105. 

Respectfully submitted, 
Thomas Hopf r et al 

by: 



MARTIN A. \ FARBER 
Attorney for Applicants 
Registered Representative 
Registration No. 22,345 

CERTIFICATE OF MAILING UNDER 37 CFR SECTION 1.8(a) 

I hereby certify that the accompanying Response to Notification 
of Missing Requirements under 35 USC 3 71 in the United States 
Designated/ Elected Office (DO/EO/US) and Notification of 
Defective Oath or Declaration, signed Combined Declaration (2 
pages), and check 13878 $130.00 surcharge are being deposited 
with the United States Postal Service as first class mail in an 
envelope addressed to: Commissioner of Patents ,& Trademarks, 
Washington, D.C. 20231, on July 3, 2 001. ™ 

Dated: July 3, 2 0 01 



Martin A. Farber 



866 United Nations Plaza 
Suite 473 

New York, NY 10 017 
(212) ,758-2878 
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d^Vf^^E^DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 
^If^fitlcies Referee 10 PCT International Appiicanons) 



3438 US 



JUL 0 6 m I 

As a below named inventor, J hereby declare that; 

My residence, post office ad'drcss and citizenship arc as stated below next to my name, 




icvc I am the original, first and sole inventor (if only one name is listed below) or an original, first and jomt 
inventor (if plural names arc listed below) of the subject matter which is claimed and for which a patent u sought 
on the invention entitled; 

Method for the determination of combustion misfires 



Ihc specification of which (check only one item below), 

□ is attached hereto. 

□ was filed as United States application 

Serial No. , . 



on 



and was amended 

on 

03 was filed as PCT international application 



(if applicable), 



Number 
on 



PCT/EP97/Q2Q86 



April 24, 1997 



and was amended under PCT Article 19 
on 



(if applicable), 



I hereby state that I have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment referred to above, 

I acknowiege the duty 10 oisrcio>e information which is .:.aier— ! ?o i he jxu mi nation of this application in 
accordance with Title 37, Code of Federal Regulations, § 1 .56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate or of any PCT international application(s) designating at least one countrs 
other than the United States of America listed belo« and have also identified below any foreign application^) 
for patent or inventor's certificate or an\ PCT international apphcation(s) designating at least one counu> other 
than the United States of Amenta filed b> me on the >ame subject matter having a filing date before that of the 
applicalion(s) of which priority is claimed; 



PRIOR FOREIGN/PCT APPLICATIONS AND ANY PRIORITY CLAIMS UNDER 3^ U.S.C. 1 1 9: 



COUNTRY 
(il PCT indWiK* p C i 


APPLICATION NuMBtft 


OA If Of FILING 
(t1 t (y month yo«M 


vt*. .;<, > . 




• Germany 


196 37 094.9 


12/09/1996 


2D y ^ 










□ 


□ w 








□ yfS 










□ ws 










□ 




PTO 1391 IHCV »0 83) 




V $ Of PAH IMtNt Of COMMfHU Pjwm .mil »< 


Mil M- . ■ • 



V*\ Combined Declaration For Patent Application and Power of Attorney (Continued) 

(Includes Reference to PCT International Applications) » 



ATTORNEY S DOCKET NUMBER 

3438 US 



I hereby claim the benefit under Title 35. I nitcd States Code. §120 of any United States application(s) or PCT 
international appiication(s) designating the United Slates of America that is/are listed below and, insofar as the 
subject matter of each »of the claims of this application is not disclosed in that/those prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code, §112, I acknowlege the duty to disclose 
materia! information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the 
filing date of the prior application(s) and the national or PCT international filing date of this application: 



PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 
35 U.S.C. 120: 



U S APPLICATIONS 



status (Check one) 



U.S. APPLICATION NUMBER 



U S FILING DATE 



ABANDONED 



PCT APPLICATIONS DESIGNATING THE U S 



PCT APPLICATION NO 



PCT FILING DATE 



U S SFRIAL NUMBERS 
ASSIGNED (if any} 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney{s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and Trademark Office connected therewith, (List name and registra- 
tion number) MARTIN A. FARBER, Esq., Reg. No. 2JLJI45- 

/ 866 United Nations Plaza, Suite^ 473 
New York, NY 10017 
U.S.A. 



jSend Correspondence to: 



MARTIlSLA t 
"866 Ur^tejdJ^^ 473 
New York,_NX 10017 



Direct Telephone Calls to: 

(name and telephone number) 

MARTIN A. FARBER 
(212) 758-2878 



ir 



FULL NAME 
OF INVENTOR 



FAMILY NAME 



HOPF 



IRST GIVEN NAME 



Thomas 



SECOND GIVEN NAME 



RESIDENCE & 
CITIZENSHIP 



Bensheim 



/ 



b'AIt OH FOREIGN COUNTRY 

Germany 



COUNTRY OF CI riZENSHIP 

Germany 



POST OFFICE 
ADDRESS 



POST OFFICE ADDRESS 

Felix-Lehmann-We g 4 



Bensheim 



STATE & ZIP CODE/COUNTRY 

D^646 25 Bensheim, Germany^ 



FULL NAME 
OF INVENTOR 



FAMILY NAME 



FiRST Giv£N NAME 



SECOND GIVEN NAME 



ST AUFENBERC 



Ulrich 



RESIDENCE & 
CITIZENSHIP 



Dieth ardt 



f f f )iif 1« | IS; i < U)N TRY 

Germany 



COUNTRY OF CITIZENSHIP 

Germany 



POST OFFICE 
ADDRESS 



POST OF MCE ADDRESS 

Hauptstrasse 16 



STATE & ZIP CODE/COUNTRY 



Diethardt 



D-56355 Diethardt, Germany 



FULL NAME 
OF INVENTOR 



FAMILY NAME 



F-IRST GIVEN NAME 



SECOND GIVEN NAME 



RESIDENCE & 
CITIZENSHIP 



STATE OR roRFiGN COUNTRY 



COUNTRY OF CITIZENSHIP 



POST OFFICE 
ADDRESS 



POST OF MCE ADDRFSS 



Si ATE & ZIP CODF/COUNTRY 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under section 
1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon 



SIGNATURE OF INVENTOR 20! l^j jj 


S (.NATURE OF INVENTOR 202 - , 


SIGNATURE OF INVENTOR 203 


DATE I 


Z3//BJ3S 


DATE 



Pit > I3fl 1 (RE V HI H3l 



